The objective of this study was to determine the structure of molluscan communities in shallow subtidal rocky bottoms of Acapulco, Mexico. Thirteen samplings were performed at 8 stations in 2012 (seven samplings), 2014 (four), and 2015 (two). The collection of the mollusks in each station was done at a maximum depth of 5 m for 1 h by 3 divers. A total of 2086 specimens belonging to 89 species, 36 families, and 3 classes of mollusks were identified. Gastropoda was the most diverse and abundant group. Calyptreaidae, Columbellidae, and Muricidae had >5 species, but Pisaniidae, Conidae, Fasciolariidae, and Muricidae had ≥15% of relative abundance. Most species found in this study were recorded in the rocky intertidal zone, and 10 species were restricted to the rocky subtidal zone. The affinity in the composition of the species during 2012-2015 had a low similarity (25%), but we could differentiate natural and anthropogenic effects according to malacological composition. In addition, 46% of the species recorded in this study are commercial fishing resources. We concluded that the rocky subtidal malacological fauna of Acapulco is highly diverse (89 species), and it has remained similar in space and time during this study.
Introduction
The Mexican Pacific coast has greater diversity of marine mollusks with 2567 species compared with a total of 2067 recorded together in the Gulf of Mexico and the Mexican Caribbean (Castillo-Rodríguez, 2014) . However, most of the subtidal studies in the Mexican Pacific were carried out in soft bottoms (Martínez-Cordoba, 1996; Zamorano et al., 2007; Ríos-Jara et al., 2008 , 2009 Zamorano and Hendrickx, 2011; Hendrickx et al., 2014; Esqueda-González et al., 2014; Kuk-Dzul and Díaz-Castañeda, 2016) , while the malacological description of subtidal hard bottoms has been a more recent undertaking (González-Medina et al., 2006; Landa-Jaime et al., 2013) .
Mexican Pacific mollusks are valuable since many of these species are used for human consumption (Ríos-Jara et al., 2001; Baqueiro-Cárdenas and Aldana-Arana, 2003; Flores-Garza et al., 2012b; Castro Mondragón et al., 2015) and have potential economic value . In addition, Saccostrea palmula Carpenter, 1857 and Crassostrea corteziensis Hertlein, 1951 are cultivated due to their economic importance (Baqueiro-Cárdenas, 1984) . On the other hand, the species of the family Conidae have been used for the production of pharmaceutical compounds (Zamora-Bustillos et al., 2014; Morales-González et al., 2015) . In the area of environmental monitoring, some mollusks are being used as indicators of pollution (Baqueiro-Cárdenas et al., 2007; Páez-Osuna and Osuna-Martínez, 2011) .
Rocky subtidal bottoms have a high environmental heterogeneity, regarding the type of substrate and mineral that forms the rocks (Wilson, 1987; Guidetti et al., 2004) . These characteristics of rocky bottoms have led in some cases to maintaining a high diversity and biomass of invertebrates compared to sandy bottoms (Wenner et al., 1983; Taylor, 1998) . However, this natural heterogeneity can be affected by human actions, such as the refill of piers or collocations of barriers with an artificial substrate.
In the particular case of the rocky coast of Guerrero, Mexico, most studies of mollusks have been conducted in the intertidal zone Torreblanca-Ramírez et al., 2012 Cerros-Cornelio et al., 2017) . Given the importance of mollusks in the Mexican Pacific, the objectives of this study are: i) to determine the composition of the species, relative frequency of occurrence, relative abundance, and ecological attributes of the subtidal mollusks of different rocky coastal bottoms of Acapulco, Guerrero; ii) to compare the presence of rocky intertidal species with subtidal rocky species in this area of study and determine the species of economic importance in this environment; iii) and to determine the affinity of the taxocenosis of mollusks in the subtidal environment of Acapulco, Guerrero. During 2012 During , 2014 During , and 2015 samplings were done at 8 stations. In 2012, mollusks were collected at 7 stations from November to December: Muelle, Tlacopanocha, Manzanillo, Parque la Reina, Majahua, Palmitas, and Enamorados. In 2014, organisms were collected at four stations during February and March: La Angosta, Muelle, Majahua and Manzanillo; and in 2015, they were only collected at two stations in January: Manzanillo and La Angosta (Figure 1 ). The sampling effort was similar at all stations, which consisted of collecting all the mollusks that were found at each station at a maximum depth of 5 m for 1 h by 3 divers. The collection of organisms was done with basic diving equipment and using diving gloves for the poisonous specimens, and sometimes using a spatula to extract organisms adhered to rocks. All collections were done during the hours of low tide and on new moon days since it is more complicated to monitor vagile fauna and the identification of mollusks (Terlizzi et al., 2003) . The method used in this study is similar to the one used by fisheries named capture per unit of effort (CPUE) (Poot-Salazar et al., 2014) .
Materials and methods

Sampling
The descriptions of the collection stations were based on Mottana et al. (1980) , in the geological charts of the National Institute of Statistics, Geography, and Informatics (INEGI; Acapulco E14-11, 1:50,000), and in observations made in the field. Stations varied regarding substrate type and exposure to the waves (Table 1) . The type of substrate was classified as follows: 1) rocky massifs are fixed structures, such as walls and cliffs; 2) blocks are loose rock of more than 50 cm in diameter, motionless or barely able to move due to the impact of the waves; 3) boulders are loose rocks less than 50 cm and greater than 8 cm in diameter, which can be easily moved by the impact of the waves; 4) gravel is loose rock no more than 8 cm in diameter. The exposure to the waves was classified as two types, as sheltered or exposed; stations in the bays were classified as sheltered and only La Angosta was classified as exposed (Table 1) .
The collected mollusks were kept in plastic bottles with 96% ethyl alcohol. The identification of the species was carried out using the keys of Keen (1971) , Van Belle (1985, 1994) , Coan and Valentich-Scott (2012) , and Tenorio et al. (2012) . The 2019 WoRMS classification (http://www.marinespecies.org) was used for the nomenclature of species; if a species was not found in this database, Skoglund (2001) was used. The identified organisms were deposited in the collection of the Marine Ecology Faculty, Autonomous University of Guerrero.
Statistical analysis
Species richness (S) and abundance (ind. 3 divers -1 h -1 ) were calculated. Species richness was considered as the total number of species per phylum, class, or family. Relative frequency of occurrence (RFO) was calculated by dividing the number of stations where the species were present by total numbers of stations and multiplying by 100. Relative abundance (RA) was calculated by dividing the number of individuals collected from each family by the total numbers of individuals and multiplying by 100.
Dominant species on a rank order were determined with the biological value index (BVI) according to Sanders (1960) . This index considers the spatial and temporal abundance of the species, assigning scores in terms of the abundance of each sample and avoiding the ordination of the dominant species in each station but little representative (Loya and Escofet, 1990) :
where i corresponds to each species, j is the station of sampling, and pu ij is the score of the species in sample i and sample j.
Cluster analysis was used to determine the spatial and temporal (all years) variability of mollusk species composition; this analysis was done with data of presence and absence of all species. The similarity of species composition among stations was determined using the Jaccard coefficient. The clusters of stations were constructed using the average of groups for all years (2012, 2014, and 2015) . These analyses were done with the software PRIMER-E v6 (Clarke and Gorley, 2006) .
Results
As shown in Table 2 , most of the studies of the malacofauna in the Gulf of California and the Mexican Pacific coast have been conducted on subtidal soft bottoms and rocky intertidal, while very few studies have been done on subtidal hard bottoms. A total of 89 species of mollusks was identified in this study, 10 of polyplacophorans, 70 of gastropods, and 9 of bivalves (Table 2) .
Thirty-seven families of mollusks were recorded, 5 of the Polyplacophora, 24 of the Gastropoda, and 8 of the Bivalvia. Families with more than 5 species were Calyptreaidae, Columbellidae, and Muricidae. On the other hand, families that had ≥15% relative abundance were Conidae, Fasciolariidae, Muricidae, and Pisaniidae ( Figure 2 ).
Ten species of gastropods were restricted to the shallow subtidal rocky bottom in this study, belonging to the families Bursidae, Harpidae, Mitridae, Pinnidae, and Ranellidae (Table 3 ). In addition, a total of 41 species are economically important or with economic potential, which is equivalent to 46% of the total species recorded in the shallow subtidal, including two species of Polyplacophora (Chiton articulatus and Chaetopleura lurida), 5 species of Bivalvia, and 34 species of Gastropoda (Table 3) .
A total of 2086 mollusk specimens were collected at eight stations. Vasula speciosa and Cerithium atromarginatum were found in the 8 stations sampled, while 7 species were found in 7 stations, 3 species in 6 stations, 3 species in 5 stations, and 9 species in 4 stations (50% of stations). On the other hand, the most frequent species were not always the most abundant; for example, Leucozonia cerata had a higher relative abundance than Vasula speciosa, while Conus nux, Geomophos sanguinolentus, and Conus gladiator showed greater relative abundance than Cerithium atromarginatum (Table 4 ). According to the BVI, which takes into account the frequency and abundance, it was possible to determine 15 dominant species in the shallow subtidal rocky environments (Figure 3) (127), Acanthais triangularis (120), and Pseudozonaria arabicula (88).
According to the results of the faunal affinity, two groups were formed during the three years (2012) (2013) (2014) (2015) . The station of La Angosta in 2014 was separated from all the other stations; Muelle 2012 and La Angosta 2015 were clustered into Group 1; and all the other stations sampled during the period of study were clustered into Group 2 (Figure 4) . The highest species richness of 39 and 33 was found in Tlacopanocha and Manzanillo in 2012, and the lowest in La Angosta in 2014 with 5 species, followed by La Angosta 2015 and Muelle 2012 with 8 species, respectively (Table  5 ).
Discussion
The richness of species of mollusks found, at 89, is higher compared to the studies in the southern Pacific region of Mexico (Valdés-González et al., 2004; Flores-Rodríguez et al., 2007 , 2014 Ríos-Jara et al., 2009) ; however, this richness of species is lower compared studies conducted in the Gulf of California and Jalisco (northern region) (Holguin-Quiñones et al., 2000; Landa-Jaime et al., 2013; Tripp-Quezada et al., 2014) . The main differences between these studies are the type of habitat studied and the methods of collection; studies in the northern region cover a greater variety of habitats, such as root mangroves and subtidal soft bottoms (Table 2) .
Gastropoda had the most significant number of species and families, and according to Castillo-Rodríguez (2014) , this class is one of the most diverse of the group of mollusks. Bivalvia was the least representative of the species richness; this may be due to the difficulty of collecting bivalves in the rocky subtidal zone (Muñiz-Sánchez, 2015) , while in most studies of the Gulf of California and the Mexican Pacific it is the class with the second greatest diversity within the mollusk community. On the other hand, Landa-Jaime et al. (2013) and Flores-Rodríguez et al. (2014) also reported a greater diversity of polyplacophorans.
Muricidae and Columbellidae had the highest number of species, and these families have already been recognized as very diverse in the rocky intertidal zone (Castrejon-Rios et al., 2015; Torreblanca-Ramírez et al., 2017) ; however, in this study, Calyptreaidae is also recognized as very diverse in the shallow rocky subtidal. On the other hand, except for Muricidae, the families Fasciolariidae, Conidae, and Pisaniidae had high relative abundances in the rocky subtidal, while Torreblanca-Ramírez et al. (2017) reported a high relative abundance of Columbellidae, Lottidae, and Trochidae in the rocky intertidal. The most representative species of the shallow rocky subtidal were Engina tabogaensis and Gemophos sanguinolentus (Pisaniidae); Cerithium atromarginatum (Cerithiidae); Columbella major (Columbellidae); Conus gladiator and Conus nux (Conidae); Leucozonia cerata (Fasciolariidae); and Vasula speciosa (Muricidae). With the exception of G. sanguinolentus, C. atromarginatum, and C. gladiator, the other 5 species are of commercial importance in Acapulco, Guerrero (Flores-Garza et al., 2012b; Torreblanca-Ramírez et al., 2014) .
In 2012, Muelle had the lowest similarity; in this year the government refilled the pier ("Muelle") with an artificial substrate, and this action affected the mollusk species composition. Christie (1985) pointed out that the deviation of a typical natural pattern may be due to pollution effects; in this case, it was due to a local physical disturbance.
In 2014, La Angosta showed less similarity compared to the other stations, mainly because it is located in a high energy zone, e.g., strong currents and high waves, where only species resistant to these conditions can survive (Lewis, 1964) . The analysis of the similarity of all the stations during the three years confirms that La Angosta and Muelle were the stations with the lowest similarity values, mainly due to environmental stress and anthropogenic impact, respectively. Besides, it was observed that after two years the pier, impacted in 2012, returned to its normal state in the composition of the species, which suggests a high resilience of the community. Chapman and Underwood (1996) found that in these environments a period of one month may be sufficient for the recovery of biota.
Fifteen species (17%) of this study are important resources in coastal fishing in Acapulco (Flores-Garza et al., 2012b; Castro-Mondragón et al., 2015) ; however, this number could increase in Acapulco because 41 species of this study were classified as economically important or with economic potential on the coast of Guerrero (Ríos-Jara et al., 2001; Torreblanca-Ramírez et al., 2014; Galeana-Rebolledo et al., 2018) . For example, Vasula speciosa, one of the most abundant species in the rocky subtidal zone, is a species of commercial importance for the region. Two species recorded in this study, Crucibulum scutellatum and Pinctada mazatlantica, are also classified as subject to special protection by Nom-059-Semarnat-2010.
The preceding indicates that the sampling design used in this study could aid in monitoring mollusk species of commercial importance and those under the status of environmental protection. Avoiding the overexploitation of mollusks is important, which has already occurred with other species in the study area; for example, Megapitaria squalida G. B. Sowerby I, 1835 is no longer a profitable fishery resource in this area, as it was years ago, because its banks have declined and it requires more effort to find them (Castro Mondragón et al., 2015) .
In conclusion, the diversity of mollusks in the shallow rocky subtidal environment of the Acapulco coast is high with 89 species. Most mollusk species found in the rocky subtidal area also inhabit the rocky intertidal zone, and only 10 species of mollusks are restricted to the shallow rocky subtidal. However, Fasciolariidae, Conidae, and Pisaniidae dominated in terms of relative abundance. Furthermore, 46% of the total species recorded in the shallow subtidal area are economically important or with economic potential. In addition, the composition of the mollusk species of Acapulco Bay, Puerto Marques Bay, and the island of Roqueta (protected coast) is similar and more diverse (20-39 species) compared to La Angosta (5-8 species), which is located in a high energy area (exposed coast). The species richness and diversity of mollusks, and in particular the composition of the species, seem to be affected by anthropogenic or natural factors such as the refilling of piers and strong currents. Despite this, the mollusk community of the Acapulco coast has a great capacity for recovery. The information generated in this study can be used by decision-makers for environmental monitoring and management of mollusk species of commercial importance.
